• The study revealed that the excretion of urinary uromodulin is significantly decreased in chronic kidney disease (CKD) patients with gout. These findings indicate that uromodulin may have the potential to be used as a predictive marker for CKD in patients with gout.
Introduction
Uromodulin (UMOD; also known as Tamm-Horsfall protein) is a glycoprotein produced in the tubular cells of the thick ascending limb (TAL) of the loop of Henle and in the early distal tubule and released into the tubular lumen. It is the most common protein found in the urine of healthy individuals. The exact role of UMOD is unclear, but it is likely to have a spectrum of functions in the renal tubules. This glycoprotein suppresses T cells in vitro, prevents adhesion of uropathogenic Escherichia coli to the uroepithelium [1] , and influences the homeostasis of electrolytes and the transporter function in the TAL [2] , in addition to protecting from ischemic renal injury possibly via downregulation of toll-like receptor 4 [3] . Thus, the abundance of urinary UMOD (uUMOD) may reflect its apparent multimodal protective effects in the renal tubules, namely anti-inflammatory, anti-infective, and electrolyte-handling effects.
The association between UMOD and chronic kidney disease (CKD) has attracted considerable interest. Previous studies have shown that uUMOD is decreased in patients with CKD [4, 5] . However, not all patients with CKD have decreased excretion of uUMOD as it has also been demonstrated that patients with CKD had a greater range of uUMOD excretion than normal subjects [6] . Furthermore, a recent study has shown that 22% of patients with CKD had normal uUMOD levels [7] . More recently, a case-control study reported an association between higher levels of uUMOD and the incidence of CKD [8] . Petzold et al. [9] demonstrated a lack of association of urinary UMOD and eGFR in patients with autosomal dominant polycystic kidney disease patients. Studies evaluating uUMOD levels with CKD prevalence and incidence have not yielded consistent results.
The potential role of hyperuricemia in reducing kidney function has become the subject of intense interest and speculation. Most studies have documented that elevated serum uric acid independently predicts the development of CKD [10] [11] [12] [13] . Mild hyperuricemia, induced in normal rats by the uricase inhibitor (oxonic acid), induced oxidative stress and endothelial dysfunction, resulting in the development of both systemic and glomerular hypertension in association with elevated renal vascular resistance, reduced renal blood flow, and led to the development of arteriolosclerosis, glomerular injury, and tubulointerstitial fibrosis [14] [15] [16] .
We have previously demonstrated that the spot uUMOD/creatinine ratio (uUMCR; mg/g) is significantly and positively correlated with eGFR in patients with gout [17] . We postulated that this correlation may be specific to gout. Here, we expanded our previous cohort to include a non-gout population, with and without CKD, for comparison. An important assumption was that patients with an established diagnosis of gout were more likely to have chronic urate-related renal damage, as supported by recent large-scale epidemiological studies [18, 19] . Leakage of UMOD has been known to cause inflammation of renal tissue, and a previous study [7] reported that damage to the TAL of a nephron and cells distal to the TAL results in leakage of UMOD into the interstitium, and subsequent inflammation. We hypothesized that the uUMOD decreased significantly compared to non-gout CKD, and this association was specific to patients with gout.
Subjects and Methods

Participants
Patients were prospectively recruited from the Rheumatology and Nephrology Outpatient Clinic at Kaohsiung Chang Gung Memorial Hospital between January 1, 2008 and May 31, 2012. Overall, 114 Taiwanese patients including patients diagnosed with gout with or without CKD (n = 72), CKD without gout (n = 26), and healthy volunteers (n = 16) were enrolled. Patients with gout were mainly recruited from the Rheumatology Outpatient Clinic and patients with CKD were recruited from the Nephrology Outpatient Clinic. The healthy volunteers were recruited from a health evaluation center.
The diagnosis of gout in these patients was confirmed by a rheumatologist and fulfilled the 1977 American College of Rheumatology's diagnostic criteria for gout [20] . The diagnosis and definition of CKD was based on the eGFR (in mL/min/1.73 m 2 ), which was estimated from the CKD-EPI creatinine equation (2009) The diagnosis required an eGFR CKD-EPI eGFR < 60 mL/min/ 1.73 m 2 for at least 3 months. The inclusion criteria were as follows: age > 18 years with stable gout activity without recent acute gouty attacks for > 3 months before participation in the study. Stable renal function and proteinuria were defined as variability in serum creatinine levels and proteinuria of < 20% for over 3 months before participation in the study. Exclusion criteria included pregnancy, recent admission (< 3 months from the time of the most recent visit to the clinics), regular use of non-steroidal anti-inflammatory drugs, presence of a known heritable illness transmitted as an autosomal dominant trait, and a family history of CKD.
The 114 patients were subdivided into non-CKD and CKD groups. All participants provided written informed consent, and the Institutional Review Board of Kaohsiung Chang Gung Memo- rial Hospital approved the study protocol. All patient-identifiable information was stored in locked cabinets and/or secure electronic servers. Urine and blood samples were obtained from the participants at the outpatient clinics and urinary creatinine (UCR), uUMOD, serum uric acid, and serum creatinine levels were measured. Demographic data, including diabetes mellitus (DM), hypertension status, and smoking history, were obtained from the medical records.
Measurement of Urinary UMOD
uUMOD was quantified by a sandwich ELISA (BioVendorLaboratorní medicína a.s., Czech Republic) according to the manufacturer's instructions, and uUMOD excretion was expressed as the uUMCR (mg/g).
Calculation of the uUMOD/UCR Ratio to Determine Daily UMOD Excretion
Daily uUMOD excretion was expressed as the uUMOD/UCR ratio to correct for different levels of patient hydration.
Statistical Analysis
Statistical analysis was performed with PASW version 17 for Windows (SPSS Inc., Chicago, IL, USA). The relationship between eGFR and uUMCR was assessed by the Spearman's correlation coefficient. Baseline variables, including continuous and categorical data, were compared between the CKD and non-CKD groups. All results are expressed as the median (interquartile range; IQR) for continuous data and as percentages for categorical data. The Fisher exact test was used to compare categorical data between the CKD and non-CKD groups and the Mann-Whitney U test was used to compare continuous variables between the two groups. Significant variables (age, uric acid, uUMCR, hypertension, DM, and smoking status) were included in the logistic regression model. A p value < 0.05 was considered statistically significant. All tests were two-tailed.
Results
Correlation of uUMCR with CKD-EPI eGFR (mL/min/1.73 m 2 ) in Patients with Gout
Spearman's correlation analysis was used to assess the relationship between uUMCR and CKD-EPI eGFR in all 72 patients with gout. Our results indicated that uUMCR (mg/g) was positively correlated with CKD-EPI eGFR (correlation coefficient [γ] = 0.408, p < 0.001; Fig. 1a) .
Correlation between uUMCR and CKD-EPI eGFR in Patients without Gout
Spearman's correlation analysis was used to assess the relationship between uUMCR (mg/g) and CKD-EPI eGFR in all 42 patients without gout (Fig. 1b) . Our results indicated that uUMCR (mg/g) was not significantly positively correlated with CKD-EPI eGFR in all 42 patients without gout (γ = 0.080, p = 0.614). Table 1 shows the clinical characteristics of gout patients with or without CKD. Age and uUMCR in the CKD group were significantly higher than those in the non-CKD group (p < 0.05). Other variables, such as sex, presence of hypertension and DM, and serum uric acid levels were not significantly different between patients with and without CKD. Table 2 shows the clinical characteristics of patients without gout, with and without CKD. Age and serum uric acid levels in the CKD group were significantly higher than those in the non-CKD group (p < 0.05). Other variables, such as sex, presence of hypertension and DM, and uUMCR, were not significantly different between patients with and without CKD. 
Association of Measured Variables with Gout Patients and CKD
Association of Measured Variables with Non-Gout Patients and CKD
Association of uUMCR, Residual Renal Function, and Gout
Residual renal function and uUMCR were not significantly different between the patients with and without gout ( Table 3) .
Association of Categorical and Continuous Variables with CKD
Finally, we used logistic regression to determine whether serum uric acid levels, age, and uUMCR, hypertension, and DM were associated with CKD (Table 4) . Our results indicate that higher uUMCR posed a significantly decreased risk of CKD in patients with gout. Elevated serum uric acid levels and older patients had statistically significant increased risks of CKD.
Discussion
This is the first study that demonstrates a positive correlation between urinary UMCR and eGFR in a population with gout, and non-correlation in a population without gout. Importantly, no significant difference was found in the proportion of individuals with classical renal risk factors between the gout and non-gout cohort, such as hypertension, diabetes, and baseline eGFR. However, the level of UMCR in patients with CKD did not differ significantly between patients with and without gout ( Table 3 ). This does not disprove the utility of uUMCR in CKD because the presence of gout is more likely to represent a greater risk rather than an absolute reflection of urate-related renal damage. Clinically, patients with previously diagnosed gout may have optimally controlled serum uric acid levels and minimal urate renal damage; conversely, patients without a prior diagnosis of gout may have significant hyperuricemia and marked urate-related renal damage. This is a limitation of our study, and may explain the lack of difference in UMOD excretion in the CKD sample. However, the level of UMCR in the non-CKD cohort was significantly higher in patients with gout (Table 3). This suggests that uUMCR may be used as a screening tool to detect early urate-related renal damage in patients with gout.
A challenge to the use of urinary UMCR as a biomarker is the potential lack of an absolute "normal" value. The result in the gout cohort (Fig. 1) suggests that different renal functions may have different "normal" urinary UMCR. Further longitudinal studies are essential to delineate its clinical utility.
A major cause of hyperuricemia is underexcretion of urate by the kidneys, but sufficient evidence also exists to define hyperuricemia as the cause of worsening renal function. In an interventional study, Whelton et al. [22] predicted that 1.15 mL of eGFR would be preserved for every 1 mg/dL reduction of serum uric acid in patients with gout. It is therefore pertinent that future clinical interventional studies examining hyperuricemia and renal function should include serum uric acid as an important parameter.
Non-Correlation of Serum Urate Level with uUMCR
This study indicated uUMCR as a potential biomarker for urate-related renal damage. In addition, the results suggested that serum uric acid is a stronger predictor of CKD than uUMCR. However, we believe these two parameters reveal separate aspects of urate-related renal dysfunction. Serum uric acid reflects the total urate load that the kidney has to process; the higher the level, the more likely it is that the nephrons are damaged. The excretion of uUMCR may suggest the degree of urate-related damage to the TAL of Henle, where UMOD is exclusively produced. Therefore, the relationship between serum uric acid and uUMCR is perhaps comparable to that of serum glucose and glycosylated hemoglobin. Similar to serum glucose, the serum urate level is known to have significant diurnal variation and daily fluctuation [23] [24] [25] and is heavily influenced by diet. Although serial uric acid sampling may better reveal the chronicity of the urate load, an "ideal" target serum uric acid level may not be sufficient in guiding urate-lowering therapy for uraterelated renal damage. Different individuals may likely have different thresholds for urate-related renal damage, based on their renal function and metabolism; this threshold may be reflected through the uUMCR.
Two recent large-scale observational studies show that the uUMOD is an indicator of tubular health and could be used to identify individuals at higher risk of progressive kidney disease and mortality [26, 27] . Urate crystal nephropathies are common in patients with gout, with frequencies of 79-99% based on autopsy studies [10] . Tubular damage in patients with gout may be worse in CKD compared to non-CKD patients. Future studies are needed to confirm the results and whether it plays a causal role in actual tubular health in patients with gout and CKD.
Conclusion
In this study, we have reported a subset of patients with CKD and gout who are associated with a lower excretion of uUMOD which is absent in patients without gout. We postulate that, prior to any clinically significant renal impairment, uUMCR may have the potential to be used as an indicator for CKD in patients with gout.
